The plant sources can act as potential precursors for the synthesis of nanoparticles in non-hazardous ways as plants contain various secondary metabolites, acting as reducing and stabilizing agents for the reduction reaction to synthesize novel metallic nanoparticles. The green synthesized nanoparticles have been proven to control various diseases with less adverse effect. Thus, in this study, the green method for preparation of cadmium sulfide nanoparticles using Panicum sarmentosum was adopted. The synthesized CdSNPs were evaluated for their optical, structural, surface morphological, and antibacterial properties. The CdSNPs were characterized using UV-vis spectrophotometry, Fourier transmission infrared spectroscopy (FT-IR), X-ray diffraction analysis (XRD), scanning electron microscopy (SEM), X-ray fluorescence (XRF), and thermal gravimetric analysis (TGA). The antibacterial activity against Staphylococcus aureus and Escherichia coli was also carried out. The XRD pattern revealed the crystalline structure of CdSNPs. The SEM analysis showed the size and shape of the nanoparticles. XRF analysis confirmed the presence of cadmium and sulphur in the nanoparticles. The presence of (OH), (NH), and carboxylic functional groups were confirmed by the FTIR analysis. TGA results prove that the CdSNPs are more thermally stable than the plant material. The ecological friendly methods can generate simple, easy, and cost-effective nanoparticles compared with the chemical and physical approaches, and have a potential to be used as antibacterial agents.
Graphical Abstract Introduction
The integration of cadmium sulfide nanoparticles of different sizes and shapes are of great significance for their applications in various fields due to their physicochemical properties [1, 2] . Cadmium sulfide nanoparticles have found numerous applications in biomedical field as it has controllable, outstanding luminescence, continuous excitation spectrum, and narrow emission bands, and ease of the functionalization for tissue targeting [3] [4] [5] . It has been broadly studied in photocatalysis [6] , used as biological sensors [7] , and light emitting diodes [8] . However, to fulfill the demand of nanoparticles, commercially viable and environmental friendly route is needed to generate CdSNPs.
Formation of cadmium sulfide can be carried out using various techniques including, successive ionic layer adsorption and reaction, sonochemical method, microwave radiation, and sol-gel processing of polymer films containing cadmium atoms or ions with vapors of hydrogen sulfide and others [9, 10] . Many physical and chemical methods used to produce CdSNPs with the desired characteristics. Even though these methods may productively obtain pure CdSNPs, they are generally costly, huge workforce needed, and probably risky to the biological organisms and environment. The use of an environmentally benign ingredient such as plant extracts for yielding CdSNPs offers tremendous advantages of eco-friendliness and compatibility for pharmaceutical and therapeutics practice as they do not adapt poisonous chemicals for generating a protocol. In addition, chemical approaches may leave over some toxic chemicals, enabling the absorption on the particles surface that may affect the medical functions. The green synthesis implements betterment over chemical and physical scheme as it is cheaper, ecological friendly, easier to synthesize, low applied pressure, temperature, energy and toxic chemicals.
Hereupon, the present research reports the synthesis of CdSNPs using a plant Panicum sarmentosum, reducing the cadmium (II) ions present in the solution of cadmium acetate and merged sulfide ion from the sodium sulfide solution by the cell-free aqueous extract of Panicum sarmentosum. Further, these green synthesized CdSNPs were found to be toxic against the Staphylococcus aureus and Escherichia coli.
Experimental

Preparation of plant extract
Panicum sarmentosum was collected, dried under shade, and blended into fine powder. 10 g of Panicum sarmentosum powder was weighed and added into 100 mL of distilled water. The resulting mixture was boiled in a water bath at 100 °C for 30 min. Then, the solution was left for 1 h [11] , and filtered with Whatman No. 1 filter paper.
Synthesis of cadmium sulfide nanoparticles
10 milli mole (Mm) aqueous solution of cadmium acetate (CdC4H6O4) and 10 mM aqueous solution of sodium sulfide (Na2S) were prepared and used for synthesis of the cadmium sulfide nanoparticles. 5 mL of the plant extract was added to 50 mL of CdC4H6O4 solution for reduction into Cd 2+ ions and 50 mL of sodium sulfide solution was added dropwise into the mixture to allow the Cd 2+ ions gain S 2-for synthesis CdSNPs. After that, the resulting mixture placed in a rotatory orbital shaker for 12 h at 200 rpm, operated at 300 ºC. 3 mL aliquot of the mixture was sampled after 12 h for monitoring. The cadmium sulfide nanoparticles (CdSNPs) obtained by Panicum sarmentosum extract were centrifuged at 10000 rpm for 30 min and subsequently dispersed deionize water to get rid of any uncoordinated biological material [12] .
UV-vis spectra analysis
Formation of the CdSNPs was monitored by measuring the UV-vis spectrum of the reaction medium before and after 12 h of incubation. UV-vis spectral analysis was carried out using UV-vis spectrophotometer thermo fisher scientific model 4001/4. The scanning range for the samples was 200-1000 nm. 100 uL of aliquot cadmium sulfide before incubated with orbital shaker was placed in a cuvette by micropipette. Then, the absorbance was taken. The same step was repeated with the cadmium sulfide solution after 12 h of incubation. The band gap energy of the green synthesized CdS nanoparticles was calculated using Equation 1, as reported by Goud el al. [13] ;
Eg= hc/ λCutoff (1) where Eg is the band gap energy in joules of the CdS nanoparticle, planck's constant (h) = 6.626×10^-34 joules sec, velocity of light (c) = 2.99×10^8 meter/sec and λcutoff is cut-off wavelength or onset absorption wavelength. 1eV = 1.6×10^-19 joules.
X-ray diffraction (XRD) analysis
The obtained CdSNPs solution was purified by centrifugation at 10000 rpm for 30 min, followed by washing the CdSNPs pellet with distilled water to remove the bonded organic matter from the CdSNPs [14] . After drying the purified CdSNPs, the structure and composition were analyzed by XRD, SEM, and FT-IR analysis. The dried mixture of the CdSNPs was collected to determine the formation of the CdSNPs by an X-ray diffraction spectroscopy (Brucker Karlsruhe, Germany with serial number 208493) operated at 2θ range from 0° to 100°.
Observation of cadmium sulfide particle size
The average particular size of the synthesized CdSNPs can be calculated using the Debye Scherrer's equation (Equation 2) [13] .
where τ is the mean crystalline size, λ is the X-ray wavelength of incident rays, β is the width of the peak at half maximum intensity, and θ is the Bragg angle (in degrees).
SEM/EDS analysis of cadmium sulfide nanoparticles
Scanning electron microscopic (SEM) analysis was carried out using JEOL USA scanning electron microscope, model JSM-IT 100. The elemental analysis of the specimens was also assessed using the energy dispersive X-ray spectroscopey (EDS).
FT-IR analysis
The functional groups associated with cadmium sulfide nanoparticle were analyzed using the FT-IR spectroscopy (Thermo scientific with model number Iz 10). Before analyzing the samples, ZnSe crystal sample holder was cleaned and dried. A small neat nanoparticle powder was placed directly on ZnSe crystal with a spatula. Then, the knob of attenuated total reflection (ATR) was dial until the pressure read 12. FT-IR spectra were run in the absorption range of 400-4000 cm -1 .
X-ray fluorescence (XRF) analysis
XRF is an analytical technique for chemical characterization. XRF analysis of the cadmium sulfide was done using the X-ray fluorescence spectroscopy (Brucker Karlsruhe, Germany with serial number 208543). The sample solution was prepared by pouring them into a plastic sample cup to ensure a flat surface to the X-ray analyzer and the sample supported over the X-ray beam. The concentrations and conversion of CdS nanoparticles were determined using the X-ray fluorescence spectrophotometer (XRF).
Thermal gravimetric (TGA) analysis
Thermal gravimetric analysis (TGA) was obtained using simultaneous thermal analysis 
Antibacterial assays
The antibacterial assays against Escherichia coli and Staphylococcus aureus were followed by agar well-diffusion method. Nutrient agar and nutrient broth medium were used to cultivate bacteria. Stock cultures of each bacterium were grown on to nutrient agar plates. 1-2 colonies with same morphological type were picked and cultured with streak plate method on nutrient agar dish. 
Results and Discussion
Synthesis of cadmium sulfide nanoparticles
Plants hold diverse phytochemicals such as flavonoid, alkaloid, tannin, and saponins which provided vast potentials for their use as bioreductive agents in reducing cationic nanoparticle into the metallic nanoparticle [15] . It is well known that cadmium sulfide nanoparticles exhibit yellowish color in aqueous solution due to excitation of surface plasmon vibrations in cadmium nanoparticles [16, 17] . As the Panicum sarmentosum extract was mixed in the aqueous solution of the cadmium (II) ion complex and mixed with sulfide ion complex, a green colour of the solution was observed. It started to change the color from a greenish colour to dark yellow due to the reduction of cadmium (II) ion and merged with sulfide ion after 12 hours of incubation ( Figure 1) ; which indicated the formation of cadmium sulfide nanoparticles. Panicum sarmentosum crude protein contain made them own organic functional group like -OH and C=O to allow then to reducing cationic Cd 2+ into the CdS metallic nanoparticle [18, 19] . The biochemical reaction of cadmium acetate reacts with plant broth leads to the formation of Cd 2+ and combined with S 2-from sodium sulfide. The chemical equation below explain the proposed mechanism of green synthesis of nanoparticles.
Cd 2+ CH3COO -+ Plant extract  Cd 2+ + Byproduct Cd 2+ + Na + S 2-CdS + Na + Figure 1 . Resulting mixture before a) and after 12 hours b) of incubation. There is no specific concentration of the plant extract and solution, as the concentration for both plant extract and solution increased and the reactant particles become more crowded. There is only an increased chance of the particles colliding which speed up the reaction. If the concentration of the solution is increased, there are more particles to react with the plant metabolites and fasten the reaction, vice versa.
UV-vis spectra analysis
Formation of the CdSNPs by the reduction of the Cd 2+ to CdS during exposure to the aqueous extract of Panicum sarmentosum was followed by UV-vis spectroscopy. It is well known that cadmium sulfide nanoparticles exhibit dark yellow in water [20] . After 12 h of the incubation and conversion process, cadmium sulfide nanoparticle showed dark yellow color, showing the formation of cadmium sulfide nanoparticles in the solution. These colours arise due to excitation of surface plasmon vibrations in the CdS bimetallic nanoparticles [21] . Figure 2 reveals the UV-vis spectra recorded from the reaction mixture before and after 12 h of incubation. The UV-vis spectra of the mixture after 12 h of shaking showed absorption maxima between the wavelength 300-400 nm due to the surface plasmon resonance band of the CdS nanoparticle [22] . This confirms a blue shift from the bulk CdS which has absorption maxima of about 347 nm. It is has been documented that UV-vis spectroscopy could be used to find band gap energy nanoparticles in aqueous suspensions. This can be attributed to the fact that that UV-visible spectroscopy has the capability to detect larger particles as well as aggregates. The band gap energy of CdS nanoparticles was estimated from the UV-visible spectrum using formula reported by
Goud el al. [13] (Equation 1). The band gap energy of synthesized CdSNPs was calculated from the origin absorption of the absorbance curve, the band gap energy to be found was 2.45 eV compared to 2.42 eV that of bulk. The expanded band gap between the valence band and conduction band of CdSNPs was due to the quantumas confinement [13] . The enhancement of the band gap as well as the blue shift of the reflectance peak due to quantum confinement provides confirmation of the formation of CdS nanoparticles.
X-ray diffraction (XRD) analysis
The green synthesized CdSNPs using Panicum sarmentosum extract was further confirmed by the characteristic peaks observed in the XRD image ( Figure 3 ). The XRD pattern exhibited four prominent peaks in the whole spectrum of 2θ value ranging from 0 to 100. The typical XRD pattern revealed that the sample contains mixed phase (Crystalline and amorphous) structures of CdSNPs.
The peaks indicate all the synthesized CdSNPs are face-centered cubic (FCC) shade. The average estimated particle size of this sample was 4.6 nm derived from the FWHM of the peak corresponding to (111) planes. The crystal system of diffract eva software from Bruker presented this CdSNPs was the cubic shape. The result from diffraceva software also revealed that 31.7% of the nanoparticles were crystalline and 68.3% were amorphous.
SEM and EDS observation of cadmium sulfide nanoparticles
The structural view of the synthesized cadmium sulfide nanoparticles using Panicum sarmentosum extract under the scanning electron microscope (Figure 4) shows the high density Figure 5 , a strong signal of cadmium atom was found. Then, strong signals of sulfur were also found. This confirmed the presence of elemental cadmium and sulfur in the sample and supporting the hypothesis that cadmium acetate is reduced by Panicum sarmentosum leaf extract. In addition, the EDS spectrum also showed signal for carbon (C), oxygen (O) and nitrogen (N), illustrating the existence of macromolecule from a plant as stabilizing agent on the surface of CdS nanoparticles.
FT-IR analysis
FT-IR analysis was employed to characterize the Panicum sarmentosum and CdSNPs ( Figure 6 ).
FT-IR spectra of the plant powder and resulting pellet are depicted in Figure 6 . Absorbance bands in Figure 6a 
X-ray fluorescence (XRF) analysis
The elemental composition of the green-synthesized CdSNPs was also studied using X-ray fluorescence spectrometer (Figure 7) . This is because of strong electrostatic forces of attraction present between ions. Thus, CdSNPs require a lot of thermal energy to overcome these force of attraction. 
Antibacterial assays
The CdSNPs synthesized by green route were found toxic against Escherichia coli (Figure 8) and Staphylococcus aureus (Figure 9 ). CdSNPs exhibited antibacterial activity against Escherichia coli and Staphylococcus aureus in various concentrations as it showed a clear inhibition zone. It was found out that with an increasing concentration of the nanoparticle suspension the antimicrobial property increased and the larger zone of inhibition of the bacteria (Figure 10 ). In addition, gramnegative (Escherichia coli) bacteria were found more resistant to CdSNPs than gram-positive bacteria (Staphylococcus aureus) as observed in 1000 μg/mL, 800 μg/mL, 600 μg/mL, 400 μg/mL and 200 μg/mL of CdSNPs suspension. This is because of the gram-negative outer membrane comprises a complex lipopolysaccharide (LPS) whose lipid portion acts as an endotoxin which does not absorb foreign materials that surround it. The inhibitory action of cadmium sulfide nanoparticle on bacterial cells is related to the strong interaction of CdS with thiol groups present in key respiratory enzymes in bacteria. The positive charge from CdS nanoparticles combine electrostatically with the negative charge of proteins on the surface of the bacterial cell and pass through the membrane to change the internal composition of the bacteria.
Conclusion
In the present study, we have found that leaves can be a good source for the synthesis of CdSNPs.
This green chemistry approach toward the synthesis of CdSNPs is acquired with many benefits such 
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